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(54) CONJECTURING METHOD FOR POSITION OF ROTOR IN SYNCHRONOUS MOTOR, AND METHOD AND APPARATUS 
FOR SENSORLESS CONTROL OF POSITION 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a conjecturing method in which the 
position of a rotor in a synchronous motor, having a salient-pole property is 
estimated precisely on the basis of an observable amount 
SOLUTION: An induced-voltage estimation and shaft-deviation computing 
part 61 is installed at a control system, which adjusts the output frequency 
u 1 of an inverter 1 3, on the basis of the value of the shaft deviation Ae of a 
synchronous motor 2. and which operates the motor 2 in synchronization 
with the output frequency. Currents Idc, Iqc which convert detection 
currents iu, iw into a control shaft, voltage commands Vdc*. Vqc* which are 
to be outputted to an opposite converter 44 and a speed command u r* are 
input The induced voltage of the motor 2 is estimated, and the shaft 
deviation Ac is found on the basis of its phase. When the voltage of an 
inductance is to be dropped, an electrical constant Lq of the inductance is 
used, the Lq is set as the product of a motor-speed command by the 
magnitude of a motor current and the Lq is set as a virtual amount which 
does not depend on the position of a rotor in the motor. The vector of the 
virtual amount is derived, in such a way that the phase of an intrinsic 
induced voltage will not change. 
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(57) [S»] 

1^—9 1 3 OfUftAttftu 1 &MBU ^-9 2 *tti# 

nsigsi56 1 est*, tkmmm \ u, i w*«p«^^ 

mffim^Vdc*, Vqc*.<h. a*»*a>r**Aau 

t-^oHjewB&iiJtu -toflc«*»6wrnA© 

XOtSutSLqSjan, Lq. *-*ai«f*Rtf* 
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mnmi) fcBttsaomBt-^wBfiBE*. 

*-*WtO«E*»5*-**«©ttfitfcJ:-5«flE*TR 

^Tattle. WE-f >^2*>*fcJ:«*E*Ttt. 
WE* >^*>XCBf£B*fflV». *o*-^««EC 

«HB'f>^^>xfcj:**ffi»Ttt. me*-*** 

BK£S«i©*-*«a£RTNfc.5'f L a 

:oLqt, BB?TttfcflE*-*'«a©** 
s<t. BW^Rfct-^auiiMiEoBBRifctt*-* 
ar*»*« t ©a k j: o ** « c t * t r * w jb * 

[ffi!*Jg3] »JJWl*fttt2C*V»T. 
ME*-**«H:0<E***©«!lWB (dc-qc) * 
*»i:rs 2 -3©M££}©MiMrokftl. 
flftER&BEOttffiti:. WE^-^BHlHIEOBBB 
£. ttE«B©BMfl&Bfitt&©fflCJ:SmEirF& 
lXWC«*©*«Hii:(»E-f >^^>^©«KJ:4« 
E*T*ME«BB©BB»«K»*UTttE''«i' 

»*«a«-«fcJMJU jMjufcwisahB^MHi© 
ME^-^attwaaimfc*-***©*** t 

»*U iMERfiSEWfttSte. WEt-^WtoBE. 
MEBttKJ: 6«EP»TRl«MB-f >^ * >X lc«t S 
RE*T*RBB©J*»i:ttERBBa*S 9 0«jt*© 
Jffca-iUTBBLTmE** MI>BftB#»K»tHU 
HCfflLfcWJ«»©^^ h;m©tttJ:-3T*©'*Ci* 

[B#JB5] %Stt£ftomM'&-?©RiBBE«. 
*-*WljaRE#&*-**«©ttttfc:J:SRERT& 

**>XtcJ:SRfflrBi. WE* y¥9$>7J>zffi% 
«*ffllr>. #0*-*R»fc»l,T9 OBttfliWlttB 
ifcifiSBEBTlCJ: D#©. 
WEfi3BWffi*T*ffl^T*JELfcBlfi«E*»6-f-©tt 

LTEME^ffiBtJurr* c t tr*n 

»*-*©IIIIE*ffiB«B#J*. 
[§S#JB6] »*B5lC*ilr>T, 

fflEB»RE*T*ffiv»T«BLfcBiBBEtt. BEB 
aREBTSB^&^B^Clt^TttBj&tWUT. *# 

jgSET&O, C©££RjBRE©BEtttt£*tHUT 
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[»**7] ^Btt^B^raBt-^BgRES. 
*-*8>tllREa>&t-*#B©attKJ:*REBT& 
JM ^XKifcRERT©^ h;HEC«tO«t 
3£r*t#C. ttE-f >y^^>^K«fc*«E»Ttt. 
ME-f^f *>Xfc»rBR*Bt>, 
»LTBfSffi«rnfc«£. *-*R«©**Sittffi 
©B»fcJ:D£i;.5R©fn£LT*». *££LfcRg« 

to E*>6-t©tt*ftinai/Tiac^ffi«**3t'r«ct* 
i*«£r*w««-^©iafi?ffi«its*tt. 

[R$B8] R*B7fc*Hr»T, 
RE-f >*^*>*CJ:«RE»Ttt. REt-^RB 

EfcBsa© i e-*RiMEftTr**-f >y f * >X L 

q. Ld*R». :®Lqt, RR?rRftRE%-?R 
«t©*#££. RKBtt&'E-j'aUlDREORRRgfc 

9 nm ©* * S R #&«©£» »C «t 0 4 U £ ft fc © 

20 st. *n6«©»icj:o*»*ctt4»«tr*H«i 

©E£^&B*£5£;*J£. 
[R&B9] BttttfcR^RM^-^OiaeFttR* 
BBU ttR-fc>"tfl'XTWR i e--*fc«B'r*#tt£ 

MlEI^W't— ^©RSftE^. *-*BlinRE**S*- 
^#»©JttStlcJ:*«ffi*TRtf'f >^^>XfcJ:* 
RE»T©"**h;i'Rl;:J:D»jrr*i*l;:. WW> 
^^^>7,tCJ;S«E^T(i. RE-f V^^afcB 
RE*RV>. ao*-*R«K»LTBRtt««tt»& 
30 fttLT*©, 

RBLfcBiBRE©tt««*«K C©ffiffia»HW±©R 

boeie* tea tasj^Bii6A*iR©iHiG^ (as t ©« 
rtiAft*rcticai^T. REB&Rs©ttR*& 

B«bfcBrna#B«©0C*ttRJ: DBB©HC* 
£tt, RB©iaE*ttB©HeaR*Ttf*J:"3fc*- 

*a«iiR£E©BR»*Ttf. BRUfcRmRawiT 

lr»«Ct*«rB©«^ttBB©Eie?ttB©B<EaB 
fcitfSiSfct-^BUllREORttftSilffciSfc 
40 T*ci*BRfcT*WB : E--*'©ttB-fc>*l'*«B 

MBBior atttt*8:?wHi*-*©iae*ttB 

SRRU ttB-t^U^TWM^-^SMB-rs^rflt 

REWM*-*©«fiREfc. WHORE* 

BEBTO^hJWMciOJRrrftfcBfc. RE-f> 
* r ?*>*fc.i:*RERTtt, RE-f >^*>*CK 

50 BtUT*». 
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HlSScDlH]ei 1 fiB©|p]ejiSSr±tf«.J:5lC ; £- 
i t 1 1" 3 mm*-* ©fifi-fe >-tJ- 

tr •sfsiw^-^ ©&B-fe>-* uxfej®#j£. 
<i£#j$-t £ c £ ^jat-r^isiw^-^ ©<4B-t: >+»■ 

[9^13] W*81 2IC*3^T. 

MEg?M*§«<i©ia:£tt. we*-? ©melius?** 
s c: t tt z mm*:- * ©&s-tr u x mm* 

ffiSSitttE L TSWItt WM*- * IC EPiO-f 

«*»*fPJ«aSt, fctti3*lfc*-*«8E. fOBBJEEffi 
*BfttftOB*-*jS*»*Bi:, t-^/17*-*© 
«ttBfttf*>***>XBSBV»TMB*-*©IIS 
BJEfcBJSU *££LfcRgmE©&4S^'E>f&iai±©<K 

Bt-*a**£BfttMBBSiaiK4fcfi0dc*** 

M$* 1 5 ] BifcBE* W^BE. ?IWI«ft05 

*-*B«0**S©IB*B&tt«©»*BKBflrt"* 

«k 5 ic&aiae?ttB 0 dc*fflv»T«jsE»*«*ffj«"r 
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ot- ? asji^ffi t *- * bbjusb ic so*^ xmie 

*-**a©**3©»*Bitt*©»*ffi«flsj«-r* 

Btusnfct-^Ba. tUBBEm 

£ffiRtf*-*^iDBE©Jii£B<>:, t-*/^*-* 

©jMttt&^-f * >*b*bhtme*-*©« 

SBffitBBU BBLfcBfiBE©ttffi*>6MW-t© 

«$@£^&B£iiftH<i©i*n£gTwrnfcA0 « 

atfcffiKtf ffiB&SlHUE^&e 0 dc £#©xtij*>-ts& 

[M&B16] »*JS 1 4 Sfett 1 5 K£lr>T. 
US* (dc-qci) CDdciMiq c<ft*»K«-»- 

xff m-r*«»*at. d c M*ft & q c M^ostiB 

20 Bfidcttrt#©R&BEI2dttB£ft*tt#i&fflEtt 

stffifcidcssufcfit&atgaB'f >y^^>x«ciqc 

ORS«Eliqtt«Em^fii^6»«lE}aStlC I qc«JRU 
fcBRtfBB'f * >*©Bfie«C I dct89Ea« 

tarna a e (om^fii ic*f b me* - * 

iilStS-B--5«t'5lCiSI»UTWB ; e-^aS«l««*W* 

M18] *«ttt» , 3W«l*-^©tt«-t>'» 
(del) t. d ctt*&t^T9 0«Jt 

40 (Dq ctttWfiffi^$**SRig«E}t«^g:i:, «Sg 
S nfcfJBttffl A * d c tt «!: ^ 0>*ttXM0-f nfi 

tux. ^•o-fn»$'>^<-rsi^ic*9B ; &-^En» 

[0 0 0 1J 

50 «5t^ffi<!:. ttB-fe^U^WW^rft&tfftBKMT 
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*. 
[0 0 0 2] 

[0 0 0 3] if 0^7 y 1/X D Ct-^lfiCi^, 
> A'-* Bib t tttt LT-f > /t- * 1 ?M®Ett* 
JflBBKttttSStt. #U£««ft£©«fc5K»»»B 

[0 0 0 4] SE*OfiM-fe>1tk7.fe^«. #«|-f>y 

set. *-*#»K»fisn«a«fi*a©«fl:S*w8 

f£ft&&£t>o. 

[0005] m&&mj]\z&^s<&g-t>vuz&®t 

[0 0 0 6] ifc. #B§¥8-3 0 8 2 8 6^iiffl (ft 
*0J2) CB*3*lfctt*a»**. £©&ffite. *XB8 
50<&FO«**l5lO(tt«T**dttt. dtt£>£B£ 
#BK9 0«jIA/£q«ia>$ft*d-ql&BfcffiSJM:: 

Klines osjg^q ctta>sfc*i&i»±©dc-q 

[0 0 0 7] S^lC. ¥fi£l 1 **ft**&B**llft 
!Si5:»4-4 8 01. giXS^1 0 2 6 (ft*0J3) 1C 
iMSnfcttff***. uOSIli B5S7&8I (afi 

x, ttattfifiM*icfe#rs35S«!t*»(D«*. ass 

«LTir>«. *c. '&ft<nm>w-k : jl*-?*f-n^mz& 
d. &$!&&«]£©'<? h;u*#*«jrr*s**ffl 
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fc. S*glc«fflt«#ffia<&gtcft*©£»tt*ft*. tt 

»BB«Efc*»cBB-r*«a , ©»a»s«j«;sns«f' 

[0 0 0 8] 

io [*"H***ftL«t"5fr*KH] ft*e>J i <D&mm& 

[0 0 0 9] 2 ©feffili. d-q HG«l±0% 

-*^x;P£ffll^T{K8©BfcttT*3dc-qc*!]WB*R 
B«*0«««*lltj£UTt»*. £©fc*. BBBtstt 
tfBBBttB t** < rftSBGfcttttB* iEL < *tj£ 

20 sinA0*=;A0©jfi4gl£fT-3TlAS. 3.©fc*. SIRS© 

afcttBSftVifclOfcX*****. 
[0 0 l 0] ft*0J3©8«l;i. B»©J:"5ICH*^B 
ff (a/3M) C3ltJlr»Tt»*OT. «t3tL<fc5iLTH 
*»B«fi«E»4SJ«*tft*. H©fc*. ^-^©S 
BB«*KI4«/J^5c5i-^1f-/ , «0«ftaKJ:*«JEO 

CTttWKAQE L < iftfiT** < ft* 1 1» 5 BB*tfc 
30 *. 

[0 0 11] *ft. BB«£©ft£-£ttfcftv>££j!t« 
fflt»Tt»*. B£?ftB±ir&t?«BBBft«>1k##fB 

«*«3©tt«tt-f >5^*>X©«JH*Tl« 
left*. «E»TiS»tt*Bfctt«LT**<ft**» 

6, ittt«*€ft*at^i«n*«^ctt. i£?ssie«jE 
««««« £©«**HrF-r * rasa***. 

[0 0 12] S&tw, ifi^© ; E-^(D/h)g{birJ;oT, 

IC^»)L J ?>-r<ftoTU*. t£3KB2. 3<Dft^T«fi: 
BJt^OBfc:. *-*#«©-f >^*>X©/X?/- 
^fcUT. LdtLq©2^>*^Sf:ft*. C<DftH>. 

«<SSAt*«At. 2t)©/^7^-^JC«UTffiiE^Uft 

50 »tn«fc&fcv»fc»*j**«*«fcft*. 
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[0 0 13] *^^©§W(i. ±EL£ft*8ffi©Pp I 5@ 
[0 0 14] 

[gsjS£8?&-t sfc*©^©] *»^t«. 

[o o i 5] *%w\t. «iB«ffio*€rattt , b*><. 

4? MHII&£jiaiLT£b#fc i fe©T'&£. 
[0 0 l 6] ±£gtt£&Jft-f <&*g9lf2. 

**JBlri. do*-*** (Im) fc»UTBffitt«« 

JftJg L&Bfi«Ej&> & *©ffi«£*tti bTWElHieTfi 
B*«irr«;i££1*«iT*. HdE<gS«JIKT©^ 
jrhfrtt. i»eBig«JE©ffi«££fc31*fcV><k3lcB 

[0 0 17] SfflttSlSPOHB*-*©^ >?99>t> 
JfcRKttLdfcLqtf**. -f >^^>X$tLd 
tt. I3<g&«^ (d-q«l) ©dtt««i«*<f>d©H 

B*id(MBK±a«J|E*d©#|«lttHi;fcfc*. -f 
>y^>x£RLq»i. qttmSSt«^4)q©M»* 

[0018] *»«©-««•?«, iter 

ttJE&Ttt. (Im) fc»l,T9 OflOitK* 

mb*-***©**^, ««"itt& j E-^Biao«E 

©EfcR (col) SfcJi^-^iiSfi^fii (ur») t 
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*tJV»TJMT**©T, B&BJE©ttffi©££4<ft* 
[0 0 19] £&, BIBJffifcBfc-f >y*?>X£RL 
©«&#£#*>#« UT##Tfc«U>. W8T*J:5C. 

«»*©»«*• zfcmz\tj£®.L d swu t» sn*. 

[0 0 2 0] t*$\Z, fi»BffiBT©BlHI;:j£RLd. 

10 -*B»fc»T*B*A£9 0BK*©Bf3£ft£LT 
fc. ^5fi©<t-5(C. **©l*fjgttjE©{iffi©«£#pJ& 

[0 0 2 1] C1©J;3IC. #569ittiKSBJEP*T©«£: 

B£, MBTO&merefrvr||£j:<JMre«ft. Aft 

TfrH&ZW, jeR*JBIr>fcBB*«BS«EE©(iMBC« 
fcftft^iSlC"?* HUWff**V»Tl»*©T. 
T*ft*»fi«EOtt*H86*«OJ:5aifi<H (sin 
20 A0^A0) Tttfc<, j£lr»BHI::HoTjE«fctt*» 

[00 22] *%w<Dmm : E—$>o±.>D-uxffl 

E©<4ffi*t, |glffllie^±©(S«©lHlG^fiBi:Sffl 

^tB&fcifcoEMeF (4s t ©ttrn^ **t c t \zm 

£7&@#@&f©lHl6#ln]lCii^TU* C t £*Tffi 
©BattBB©0C*ffiB©BlEaBft"F»f«J:3K:. 

30 fi©0Caft*±»f*«fc'5K:. *-*BMn«EE©B»R 

[0023] mesijS«Eottffi^e«i£L 
BC^wHe^GjfcBA/rnsBoB^tt. ^^©@g 

©B£tt*B©BI57ffiB©BC»«fcTlf * «fc3 fc. 

[0024] cntctntf. ^-^nemEEotttt^s 

«BB£*li©BrnA0*e«K#»«©T. ftw* 
40 Bfc£TlW*l*«**<fc*B*T<b, £«T«£©» 

[0 0 2 5] *^©*jw*«t«, Beam 

50 [0 0 2 6] **WO»fP«aKOV»T. 
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wtz. 

[0027] ®2\t*!\mzmm : E-9<Dmtf*:7 : )vm 

T. U«. Vffi, Wffi©@£7#8li:*^{85lEliK?£ 

«E©«HftT«UT^-B. dfli£* ; 5U6B5[s]£ J ?©!6& 
*3Wd©tt«Ct0. $«±©(S8lH]£7ftg<!:LTd 
ctt£r,i:£. H*bTt>&V>«*. d 6 9 0 flEJt^ 

fiisicqtt^iiD. d cMia»&9 omm/vtmmzd c 

Hfi?tf*tt. dtt<hq|ft£&glttlCgA,fc* 
cnfiAft. d-q*i»l**K**li»f 

dcHi:qc*sfttf*(iKa^«as«#T**. -nw 

ft. dc— qcas«(**JHK»!IM»ti?*. 
[0 0 2 8] JWfcttEHEUTfcO, [elgjgSS-a) r if 
M9tt<bSI6lxTfiD. EMEXftSu 1 if*, co 

«. **PIHOECUTt>**«lC*^T. dtt 

CDfffi$@tf<DUffi#iW*I*t LT 0 d lC«fc 0^ 
T. n*ic. MfPttTlid c 6dc t&t. 

■MH3D CCT, £M£Mfltt& 

<D«]1*nSA0£. *lt:J:oTJE«-r*. 

[0 0 2 9] 

Ml] 



Ae-e^-e, 



10 



20 



10 



[0 0 3 0] ^SttS^o^XiKS^W^-^Wliie? 
4. fc«U r. L di5<fctf L q 

[0 0 3 1] 
[ft2] 



















0 ' 


v 0. 




.V 






+ 


L,pl q 


+ 


k E co, 



cosA9 -sinAe] 
sin A0 cos A9 



[0 0 3 5] ft3*ft2M*Al/T»a-r**. (5$® 



[0 0 3 2] CCT, VdiVqti^E-^EPJJOftffV 1 
©dttJS#4:qttJ3c#TfcD. I di: I qfit-^aSit 
ImOdUl«»tqttJ«»T*«. &&. Vd, Vq. 
Id. I qfi*tt±CDmE. *«E«"C***»6. Utt© 

&2©;&2!?f§4J»©kE • a> rtt* 

[0033] i/**Ha©«£. anniEvi 

©rasc^co i tttMOTife&p. iHie^ ©measo) r « 
mmxm-z&z. »2*<K«isie^ffis©ac 

ttl©«jE. h;Wi. SW5IfleS:fH»*llOSEV 

dcKtfVqc. mmmi d c*5«fctfl q c*>S. 83 

[0 0 3 4] 
[&3] 



cos A6 



ir-i 








cosA9 


IK. 








sin A9 




V. 



= r 



-L, 



-L. 



-L 



dqc 
Pl,e 



* [0 0 3 6] 
[»4] 

r-L 



V 


dA8 




+ 

dt 



dqc 



sinA8 
cos A8 



[0 0 3 7] -f>yi'?>XLdc < Lqc. 

Ldq c«^c5lC«t0*$n4. 
[0 0 3 8] 
[85] 

Lie - -^-+-iy-3-cos(2- A8) 

L. + L. L d - L„ 
.L, e =-^_A_^L_Lcos(2-Ae) 

L dT =i^2-sin(2.A8) 
[0 0 3 9] &5fr<bt>fr%£oiZ< Ldc, Lqc. 



L d q c ttWftlA 6 ICftSFLTttrt^f*. 
40 [ 0 0 4 0 ] 0 3 te£ll££Jf OjfcXlKE*:-* CiJH 
T. ^©ftEWWfii&^Lfc'^ h^BTifc*. 
*8Hn*EV 1 tt. >ggig«7JT<62>8igmE£, 

Kt-*««Id, I q©W!l<. -^ffliB^-a- 

*«£©^ hmbswuth*. ^n«. &2©;&ja 

^3fl. i&*Htt&4©;&)23&3. 4JS©S&#JS£&8! 

[0 0 4 1] HRK. aSE«*lCS^<JK®&B<D«t 
50 Jgtt. %-*tt&«E0ttfidtB*«bft*5 9 OgilA,*: 
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T*-5d c -q cffi«±fw*5ViT, i8fi«E^ h;KD 

[0 0 4 2] MS«£aeJt££6Xft«EPIT'C9 h* 
*WC*«. Vrll (tft^-^SEImtnttffi 
*«*KJ: *2 MI<H±"CliV r £ I m 

«fni;#i4rcs3n«. ^©fe*. mnra&d c - q 

ca£Wcfc»t**8MftiH*I dc. Iqci^. »Jn0 
«EPrFVrtt«*TS*. 
[0 0 4 3] -f>d^*>;*T©«EP*TVLtt 

Ltt, 5ltt±Tdtt*(S3dt-<o 1 • Lq • I qT, qtt 
WuI'Ld- I dTilSnS^ bfrT'&t), v 
L t:itej|«T©mSit<I Id. Iq W&mZtt 

-a. u^u ntt-cw«Eiiifii i d. iq\mm^mr& 

#T£ftV>. 

[0 0 4 4] cn^ffi^SiCT-ltt^-rS. SUfcfcH 
T£j2!&2. 3. 4WtEKTVL^iLTH5^ 
in6tt-f>yi'^>7^5^-5'Ldc 1 Lqc, L 
d q c £#A,TI^£©T. (frTftA 0©Mfl***S&tt 

* u . asm a e z nn-a t mmm#*£ 
[0045] -t^T, -f>y^>x©« 

(I) fia«ERTVL* ttSajnIl£ft«8&M*>5Sig 
-Ct^Clt, (2) ±IB (l) Zmtzttztb, VL' U 

2OOtt«Oj«»OfDK:J:0l«J«*n*Ct. (3) * 
-*attO«EVl#&, ffijn©«E|S$TV r fcilflga 
«EPTFVL' e£L-3lV>T£ftfct£ hJP (fife. <g 
«»fi«Et#*) ©fiffltt. **O j E-*IIHB«E© 
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^emEoiaffl t &£«£©&« #n - 1 ft * fc» ic 
vl* 0**s*awfcfca&ttfttf&&&i>. 

[0 0 4 6] *»WTtt«**«i|Hcr«fc»fc. 
(2) C*l»T. fia*ERTVL' &«SIfiMBft>5 9 

^©faiCcfcoTtfifiJc-f*. cniCckO. ^-^EPinttE 

SEWfiffltl^UlCft*. ft*. fiBBWERTVL' © 
9 0S^fcfi:1§©l5£»©*.(Cj;0«5£$nT ; b«tV^ 

[0047] *c. nn6©ftft*nfcrfia*ERT 

(KaHE&TVL ' fcJB^TJt^fc** hMHT* 
*. 0 3O«EKTVL"C«dtt, qWrcaoTtr>fc-f 
>9 9 04CO{g.SSEKTVL' Ttt. * 

fr (2) £8Sfc-ffc*, ^SSMU-f^jr^^Xi 
fTS. *fr (3) VL" Ttt 

®&mi£tm u&ffl© q $SBJc»©-r * >x®£ g 
20 s-r-5. 

[0 0 4 8] Z.tl\Z&Q. VL' TI4I d£ I qfcjfctf 
«1MktfMf£ , bPltt<0l • Lq VL' © 

te«««ai*«E Im4»5 9 OSEJl^tt«tft*. fto 
T. $lftl«A©€ffiE&iRHlIdc. Iqc**:ftifttf. VL' © 
(4ffitim«t I mA»e 9 0&itA»fc*&tt£LT#«>*££: 
*<T€T*. VLtVL' Tgft-5©l4qf|ll#[t>]fi£ 

«E) a. H3o«iB«Ettt^«t«fl:rao»a** 

3/:lrt*oT. tMll3KflSLTV>ttV>. BP'S, £&L 

30 q*ffl^T-f >y^^>xtcJ;**E»T**m-r*c: 
tr, «fi«E©tt*©«*awfct>n*;i£ttfcir». 
ft*. 0 3<ts4T. ^emERi; j e-n£[5iffi©'f >y 

[0 0 4 9] S4©(5amE^TVL' 0 2 00^ 

a. 0 3£©it«sr$s(c-r5fc*»c. mm^m^m 

tt±©«T^UT^«. 0 5(4, 04©(K««ERTV 

l* &tiffl!iPitgft$iiwfai±©fiiT^Lfet)©Tj&^. r 

ftfc^. B5C«^TfinT««tttt«Idc. IqcSffl 

40 mEI^TVL' S*UTlr»5. 

[0 0 5 0] fr\Z. (KiS«EI^TVL' *fflV>fe05© 
SEM»*. £ffiflB©dqffig±©«E;£85£<!:tT$ 

wrsasftuiwr*. S214**si±©«e*8^t. 
*a^2. »sa*»-f ?>7.©«EPrFVL££ 

[0 0 5 1] 



[»6] 







[-1,1 




0 


^ L d I„ 


.Id . 


+ 


<4L d I d -<4L,I d 



50 
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10 0 5 2] 
[ft7] 



[0 0 5 6] 



L<i *PV 




pld 




0 


[»8] 


L q xpl, 


-L 4 




+ 


L^P 1 , -L„ x Pl, 





[0 0 5 3] ft6Ttt. ft2£H&2JS£. ftfflttfi*> 
£ 90S jl A, ftftdJfl-fcfl-ttTftLTV**. ft 

7Ttt, ft2*iam33g*. tHCttwo 

MSAftlcattTftLT^ft. 
[0 0 5 4] ft6*5«ttXft7 0*ia^l3Stt, ^Stti; 
J:oTdqftTJlZi:«-f >^^>XOtt*-StfiS 

^£ ft6. »7 (Dtzmwr h;hc*v» 

T. dftj*»CtttotiT^*-f >^^>^ftt-r*. 
inn ft6. »7o*in»2Ji©ft»*»!i«. 

BEOJ*»tHi;q«IK:ft*»-3«t5K:"r*fc*"C**. 
[0 0 5 5] ft6. ft7 0#-*Otja»13B**t»fc 
*><D<£ftS»EPITVL' <hLT. VL' lift 8 Id* 9 



Pl- 



[0 0 5 7] J3Ut£*£#*i. -f ^^^©ftfi 
*ftoTftlM-«. H«fcd I d/d t . dlq/dt 

i:jt«r«3Htt. -Y>y**>*Ld*ttoTfHW 

■5. 

[0 0 5 8] Jfclt. »6, ft 7**2 MSA-Tat. ft 

&:£ttft 9 lei 0*3*15. 
[0 0 5 9] 
[ft9] 



= r 



"I, 
Id 



+ L, 



Pi] ] * ki «% + - L , )• ! - + ( L , " L < )• P 1 , ] 



[0 0 6 0] ft9co£2!Sf§l~Sg3JK«:. JgtfiTcOftS 
®T t -f > if 9 9 > X T0ft««ffiftTT* -5 . 

[0 0 6 1] ft9©£2!lg4J«te. ftftftffiftTftffl^ 
fc£*©»fi«il»£#*.5tt*. ft 
20ftfiftBEt**«*ttft&*a«. fi£»«qW(C^* 

dfti«»ttftT**c4:*»6. tt«tt±<ni;t:ft 

5. SI4Ji©*©&JSte. kE • co r #*A8B5#«HC 
J:oT*i;*aflEfi«a, col - (Ld-Lq) I dtfl* 

'cosA9 -sinASlfl.c 



*'J5i'^>^h^4'fcHft - r«8liBftE». (Lq-L 
d) p I q*»qftft«oftfl:t:J:*»8ftffift«l/TV» 
5. 

[oo6 2]. ft9ft«ftftfc*tt*«jE#aitKft»"r 

5. *r, ft3£ft9MSAlxT, ftl0£<§*. 
[0 0 6 3] 
[ftl 0] 



cosA8 


-sinABl 






sinA9 


cos as] 




= r 



sin A0 cos 



A6 



-lUcosAe -sinA8 
sin AG cos AG 



cosAB 
sinAG 
0 



-sinA8 
cos AS 



I q cJ + + ^(L d -L q > d + (L q -L,)xpl, 



[0 0 6 4] ftl OSgJBLTlK t. ft»WtCfi«« * [0 0 6 5] 
EE*T*«^fct*OilfP*llC*W'**««lO«E*a [ft 1 1 1 
5ttt, ftl ltlTS^W, * 

'.|::] 

♦ K «V ♦ ^(Ld - L, )• ^ + (L, - L tf )• pi,}- |™ 

[0 0 6 6] ftl l*^A0*»<SC*«fflTS. * n*. 
1", ftl l©8igttffJg££tie>T. Rl2«f, ftl [0 0 6 7] 

2*>5. «ftfti*ft©ftTOA0ft«-rftl 3#»& [ftl 2] 



r^d. 

dl 

dt 
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- V,sin<j> v 
V, cos<|> v 



0 

dl. 



dt 



^ ' d dt L * dt 
0 



+ K +«, (L d - L, )• I d + (L, - L d )• pi, } 



20 
I. 



COS*. 



[0 0 9 5] R 2 0 (Dttlim 4 JglCte, «S5ttlT«aiJ L * 4. 
fct*©»fi«EOffi«flHI4)m*««*n*. £2284 [0 0 9 6] 

JSlCO^TSt*. *bC^I»T»< t»2 l*»»6n * [»2 1] 

d«|) e dA9 



V, sin 4> v - 



cqL + L — — + L d 

^ 9 4 dt d dt 



V.cosfc-r-I.-.L,^- 



[0 0 9 7] iJIT?, A 0=<f>iD-<f>c-e&S^6. ttl* 58 [0 0 9 8] 
nA0#R2 2tC<fct>*;*ft£. * [R2 2] 



A6 = tan" 1 



V,cos4>,-rI 0 -L d %- 
dt 



[0 0 9 9] Uc90t3aiC*V»T, ^-rS'ttE©*^ 
Vlttfiijtv, H8it©;*;£cE I mtfiffi* c , ftffiffi 

&m<D®&m&o> i «s»iwr^»T»*. st, si 

6. Rl 7£#©£<hi*£l^tf©ifi<H£?T5i:. «fiStt 
tfc£*©tt1*nA0©*i£SCttR2 3 Til 

[0 10 0] 
[R2 3] 

V,sin(f> v -^L-I B 



A8-tan*' 



V,cos(|» v -r-I„ 



30 



[01013 sc2 3icintf. »]»«i©fi[Bt:tt#rs 

Cift< £ S3 iijf£fcffia> &£««l©«rrna A 0 * IE* 
T&BOjfcfc^aJt&lCfc*. »17t^^lC, R23tt 

[0 102]ft«. *13, 116. 117. 121. 40 
82 2&tfR2 3<D-?-n-?-'ntCi3^Tffl^^:taii©jS»M 
RI2. MROA*tfe*»*. #^©&#£#!tUTffl 
#$&H£-*~7t (rad) C»5tffcltaWR*«V> 
Wc*r&fclr»E9. **Wfc*V>TfflH* t an© 
jBHftti. ±il!©J:5tlt«SnfcWRtr*. 

[0 10 3] *l!iWTJ4 i E-^[aG^©EC*fil 
^jE©«^{COHTlttWUfc^, [3«^l6]^jSe©«^T 
\i, agfittft©#fi#IEi&$<h£fr*©£#liLT. 
tt-ftlA 0 ^©^tanigWR©^,*:^©?^** 

m?zctiz&r>. i^«ictii**iA £>£#©*;: tan? 50 



[0 10 4] tU^^c^fC. 

-a. cft&»&nfcifrfftA0©Ji««ftJBv». 
[0105] mi oxmt ux. 'fienfett-rnAe© 

-5X«t«E©^i6Ro; 1 Sr^iE-r^^»<*^. C©ck 
^icrajSERSSflWr-SitlCt^T. fiRSlHlGtt*^- 

$c>m&i-mz£.istt%&*!)\z%w-z%z. ifc. ®2 

T. A0#3lC/«t£ck5l;:*-*©WU?ra^<iI£&IE 

-r cnicio. ^-^©@eTtttt$iJw 

mommz&®.?2>& ? \z$wzti%. 

[0 10 6] ti5T, WaSLfcRl 6, Rl 7*SV> 

«R2 3T*$n«»tt-rnA 0©«isjc«. m^zn? 
^-^^*is©fiia:-a-r-5«^«A 0 fclEKJttire 

jHR©ffl*»6fnT^«)©*^aT*4. c©^©. /■< 
7 * - * \z& ? xmm a e ©jt^dtc 

[0107] 0)J;ttf . R 1 7 iCfc^T. tt1*nA 0 £«t 

*>xLqT&£. ::t, L q ©&£ffl*<*ffi J: D t> 
*frui€r£tt. 04JCfeViT<g«im)IKTVL' 
*<fc*a»6. JK£l,fcttjB«£©ffifiii. at£2£BJ 

T*uAcs«fimjE©«fflicit)iinTU*^. m&iz. 
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b fcfige«E©Xtt<fc 0 fcitAyT U £ a . 
[0 10 8] 6U©J;?K. /l^-^glCfcSfgg 

[0109] c©^M©fe*> M'wmv&mtnmz- 
[oho] rn*»ic#A^<!:. mmtmwuioun 

SLTliS. C©3igi£flJffiLT, *»WTttfll^SM 
A 0 e ££TF©<fc 5 

[0 111] JtJ£RSSA0 e*IIE©fc». 20 
(SfilA 0 *£a?iAU A6> *-Ae*^lC7i-5i:5lC. 

«, A0*-A0*i^tC^S«t^lC ; &-^©h;Pi7jl^ 

te£t£iEr s. w-rn^M««fiiA 0 * etttoMtu: v 

Htt«T. *-*@«£&'Mt-f<5«fc5l;:A0*£&/h 
*C*fl;3-fr*. ^©*S£. SIMiiS«<iA0*tt, g& 
MlCtt-rn«JtT©S#^MA 0 e CRO &< ifi< "T* 

[0112] 30 
[««©£*©»*] **^©*«*»fc-p>riT. 0 1 
fr&Hl 2#JHLTBMW*. 0 1 tt#£9J©-*J60« 

B©£##U££*-f . ttS 1 1 liitSgmSE d c £ffr« 
U sptfn >T >1t 1 2Sr3femr-5. jSflitmJIE d c li 
-f 1 3lC«fcoTpJ£flffi. pj£ffitt»©3«£ 

3 1 tt*-*CttA**E*lHWT*fc»K&*fcit« 

«EEdc*^ai-rs. ^-^mfff^aiffis 2was-t 

[0 113] ft9X8lffi4 ltt, ^-■S'nm^tiiUS 2 

±©£«0(6&&d c - q C ffi&£lCi3tta d C ttttflS 
ldc, q c «ltt«t I q c SBtfrTS. ««£ I d C , I 
q ctttfctbbfct-^tttiSt i u. lw*>5«*Snfc« 

wvttfttt mmm r. urr\mmnmtm^. 
[0114] Manum dcii waMtitaMs 2& 
?)tb^$nfedtt«8SJi^<i i d c * titMt^txmmm 

mtfimMHtiS. dttttStfW»$4 2 dtiMGtffKS 50 
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i:i^»t i d c 5 tturr*. 

mmz. mmmrn i q c a, 5 2 d>&tB 

aSftfc*»ESfctt I q c * ttt«Sn«jjfilSIS*««* 

[0 115] *«7^-F7*7-F«tt»4 3tt«8t 

ffiMflflU 2 d, q|MiglMflS4 2 q, *5«fctf«8it7 
-f-H7*7-Htt«gB4 3lC«t0m*$nfcffl#lCj; 
0. dfiSSEJt^Vd c *. qiiEl*Vqc**«8 

[0 116] 2*g&8B4 4tt. SEfcH*Vd c *. Vq 
c * «fc O . (gSleJfc^ fill d c «l©ftffi fldc icS-^li 
T>$*£&£fT<^ 31ifff^Vu*, Vv*, Vw* 

£ffr>rr-5. f^5£$nfc3ffi«iEm^ics-^^T. /^i- 

Xtl£18gB4 5£J:OJM10/W:**MM1 (PWM) 3 

* 1 3©^*x-f yj-mwf&misnz. 
[0117] mmwrn^ 5 1 Tii. ^sjt^w r * tm 

femmco r_det<tt) h;P:?fg^ r * £ftU&-f-5. li 
86Jt^fiKSS5 2\±b)l9&<Tiz *©fi^e. dtt«ifi 
Jl^Idc*. qtt«tStm^I q c **f&*T«. 
Mo r_d e t a«mM©B<EarftT««'f >A*-? 

-e. -tr>U-$«ft5$iIffli*-C©^aijfSlcffl^T^. -f> 
A*-^ffi^ra«ESc<o 1 «^-^WH0«ff©liiSST* 

o, a; i £«#i-*£#Hmt©ii*K7&g (Mffiisie 

[0 118] *Wlffl«©#W«*©ttHJC*S^T 
tt. ±E©5 0-5 2©&gg$:Si:©TmtiSJt^fiKffl 
tOftf. Sfc. 4 2d, q~4 4Ry:5 3~5 5©§SK 

[0119] *mmM<D¥fWLf&tt3.z>mEmi£ • mm 

Jt«S?gSC6ili. &arfs<fc5i;:mJlJi^Vd c *, 

Vqc *. ^ffittSitl dc, I q c. fc<fctfteHEj§S1it 
®tL,TMK}t^w r *©<I*^|Sl»3 : e-^2©S|g€ 

■rnm^ffiAd^^gLtb^-rs. issmiE©* 

i eo i *m^r?>. 
[0120] tt-f*imnii«gi57ii«i^snfe«i-fnA 

tti*nRS»««7*tffl*r5*nii*nesa«ttA 

6 *7i>e>*:-:?EPtin«l£©Ji9i£&w l Sr^b. aU 
9fcffli§&w r_d e t ({gSHie^fi 
g) 9 dcSSSgbttW-rs. w r_de t lij^S^JW 
SB 5 lC&gfcjSlgBT^-^W&fflSaiUTffl^S 
n-5. 0 d c WBftlUMM 1 S^jS»^feSC4 4 
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16 



k t <4 +<4(L < ,-L,)-I <1 j rsinAGl 
4(L,-L ( )pI, JjcosAe] 



I, 



dc I | *tfc 



dt 
dt 



[0 0 6 8] 



1 3] 



A6 = tan"' 



, dl dc / . , dA9\ , 
' dt P q " dt J <c 



dI M / dA9\ 



[0 0 6 9] &>±<D£?\Z. §SlS«8©mE#tl5£T;&-£> 
ns„ £©gffl©iI*IT'tt. sin A 0 = A 0 ©jfi(H£fr 

5. *nMyit*iifcjj<iRi«i-a-rt@iEbT^*« 

[0 0 7 0] ftl 3»*3aiC^V^T. *-«JllT*fcV» 

[0 0 7 1] A0©a#ttSia*6, $«ti£ft£fl*M 
jg^WMtCioT. ftl 4©<fc?t;:^S*l5. 
[0 0 7 2] 
[ftl 4] 

dt dr fc " ^ ' 
[oo7 3] frsmftrnm^-fAWmLtt^-cmms 

nT^*«£tt. *»i§gw r &»ffl*tjg&&> 1 

C<Dfztb, ft 1 3© I d c, Iqc©&ftSB 
ttftl 5©«t-5lCifi«T#. ttmJt^iCttft 1 6 T* 

$ffl-rst>©T&D, ftl 5©ifi<6W**UB±©ftft*ffi 

[0 0 7 4] 
[ftl 5] 

°\ L , + L d - «4 L,+ (<M " <», X-d -<4 L , 



[0 0 7 5] 
[ftl 6] 

AO-tan" 1 



V dc -rl dc -L^ + ^L,I, c 



l,c-L 4 



dl 



dt 



20 



30 



40 



[0 0 7 6] ftl 6lCckntf. WW*|Ottft letter* 
31 £&< «ffli5J«gfcffirt> £?Sffi&©i?§gS]E©&ffifc. 

*frftlftA0*iEaKCi«5£T€r*©T, 
©feg-fe >•*»■ tc <fc « Eie^ (4g©jt^*i pjffitc^ 

mz&K), 8.75 r pm©B»WE*. ^^^ttTn*^ 

[0 0 7 7] Se-tC, ^ttBRJWt-^JWKIILfc^ 

dc. I q c©«»lK-^t»ffl**3 Ii (lt» 
(1) flDftMbRlte-^ftKOttttOfcfcftftUTV**. 

cntt. fti£-r-6ft2 4K*i^T. ^m€fi5T*4ffim 

Sitiu, i wC iu=Im-cos(0dc+7r/'2+4> 
c) , i w= Im- cos (.eic-4n/3 + K/2 + <t> 
c) £ftAU Idct I qc©«#*ttJIWtfjSa*l* 

[0 0 7 8] td^T, ^E-^^S-^ft^-S©^ 
Ttt. ^-*«^©*£3Rtf(ite©£{fcteft/hT£a 
^6. «figldc. Iqc©»#Jlte*£*&-fr*. 
T. mSit I d c . I q c ©»#Jji£ «8lT£-5 <i<£5rt 

titf. sstftiMbsnfcttrnftjEictUTfti 7*« 
'#e,ti£. 

[0 0 7 9] 
[ftl 7] 



AG -tan" 1 



[0 0 8 0] ftl 7TI1 -f >?i;?>7><Drt7*-9 
T&gfcOlJLq 9. 05©^£ h^Hti^i; 

tt^ir>a£ffftLvi.'ftt>T. fti 7ftni»TMi > n 

A 0 £8t3£T Sf*0tJ2. SCJt^TD/tXh 
ttOHTfeStlT^-S. 
50 [0 0 8 1] ftl 7li, -f >^i'^>X©{gg«EKT 



(10) 



2001-251889 



17 

VL' cmW\Zfe&Lq£m\ VL' <D&.m^~9 

nm i mio 9 o&mts-*? b)m&fr*>mfrnith<D 

ft©{^iLT#&£<K$«JBrFVL' CtoTt. 

tiler's. 

[0 0 8 2] fi»«ffi*TVL' onmzLa tme>& 

&5Lq' £fflMt»&. VL' ©^£ MP#04 £fc 
HH5 0W«i:&6av»«)T, if;tL.;fc8$eilK©ftffl 

tt**Ottfit1*ftTU*5. LqtLq' © 

" w 1 • ALq • I q" . qm&tt<D-kZZ\t 
" KE • to r + to 1 (Ld-Lq' ) Id" ifc*© 

£Jl§Vvrt>. #3fc©RgmE©&ffi© 
[0 0 8 3] VL' ©fi«S9 0«SWOttll: 

*£Lfcij§igmE©ft«tt**©&ft<t 
[0 0 8 4] «irn«iie*«D«o»ajs»wr 

*. ±ETtt. R 1 3 C*r«»«lTO«E. 

[0 0 8 5] 06li. 03*5,fctf04 t^&ftl?©^ 
HUB*. €8Stt*S«PtUT*LTUS. 34*3, qc 

EPJP«JEV 1 ©&«£<*> vtn. q*&A>S*fc 
«8ittt©ftffl£<J>ni£:T3. «J>mt<J> c<Dffl\Z\t<t>m= 

cos(A9 + <}>,) 
sin(A6 + <t> c ) 

cos(A9 + <|> e ) • 
sin(A9 + <|> c ) 



10 



<|>c + A0©W&a<fi£94r>. ftfc, <J>c. <f>vliK«j 

[0 0 8 6] «8S«lSSSI^©Sip<i:bTii^t, * 
-^WME^HI'i:*-***^ HMi. RIB 

[0 0 8 7] 
[Si 8] 



-V,sin<t> v 
V, cos<t> v 



[0 0 8 8] Rl 8©^* h;HSB. nm<Z>j3fa\ZML 
TB£raj«#i:IPI#ffl®l«#**L-Tlr»*. ft 
EV 1 tt. ft«fcfi!firrs«ffi*»a*- V 1 • s i n<f> 
vTJO, ftiS4:|^:£|fiJ©ftEl6£##V 1 • c o s <j> v 

t»«. nttc. ftfiittt, «£#Gj©rtfl-a«*T»o. 

20 [0 0 8 9] ffitri©mffil^TV r ttfttt&Pt&ft 

#fa0ftEi8#*tr • I mlwft-5. 4>?99> 
*T©fi««ERT V L ' tt«Sft*> £90 ftttffiiM^ 
ti&Lfttifr*. mffitfe&TZl&fttf "-Lq • to 1 • 

Im" T&O. «Si£tH*|pIO«EJS»^*JCtt*. 

[0 0 9 0] &±«fc0. mffittlSrS^tLfclSigftE 
tt. ««EtaX-r*l«»A« "-Vl-slnd»v-Lq 

• to 1 • Im" , «S56tR*|fi]©fiK^ "VI -cos 

<j>v-r • im" irUT^-n^n^^ens. fifox, 

[0091] *k. msgtt*s«fstufct#©mE*e 
$i©mm. mss^? HUiRi swmcittts-s^ttfc 

**»6. Rl 9 

[0 0 9 2] 

[Rl 9] 
-sin(A8 + ^ t )][-VjSin(|» v ' 
cos(A6 + <t> c ) V,cos<|» v 

-sin(A9 + «|> t )ir 0 



cos(A9 + <|) c ) 



Im 



[0 0 9 3] Rl 9$, «aS«E*T«fl!lr»fc»£©* 
ifcCfitt *«*«©«ffi*a5tT*** 9 KttA UTS 

9t*t. R2 oa*#stt*. 



[0 0 9 4] 
[R2 0] 
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[0121] *K»«oftf^*ff«icttwr*. mm 
u, iw, Ratjg«ffi««ue»6 2«toia*snfcffi«- 



•cos 8, 



-L -sin9 H , 4i, 



tztzL, 



= iu, 



cos 8^ 
i. + 2i_ 
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* i iTi*flt2 4Ctt?T. d c - q c mmm±<D®mm 

SSI dc, I q ctfi&%Ztiz>. 
[0 12 2] 
[ft24] 



[0 12 3] t-^2«ifiiu, i wKliXi- •> 

&SB4 1TIJ&2 4II<t0«SCUfc^lC*fUT. 7-Y 
M-4 12, 4 1 3Sf^fflS-fr, dc-qcigi± 

4 12. 4 1 3 ©I95fcftte. ^>n~^<D7.-iy^>if 

[0124] *ica**dw»ic3v»T»wf *. asfs 

r_d e t tt, -?-cc>M (a> r *) -to r_d e t # 

SDgg§5 o-esnsn. sammes 1 KA*sn*. 

M&MW&S lTliu r_d e t #a> r * tCi6ti£-r-S«t 

ssm^tt i d c * t q c mnm^m i q c * ***j±j 

[0 12 5] ««»^*«5 2 J:0m*anfcdH« 

ssft^ffi i d c * t. mm%&&4 1 a»&aasnfcd 

M«iK I d c ttflJggg 5 3 CA2j£*U MTOStfft* 
Stt*. dtt«a»JWgg4 2 dftt. (Idc*) - I 

dcoMs^c-rsiiftiittWE^JftJisn. dim 
««ev i d*«m**n*. ft«»*ffi*tt5 2 

4 i*^m*snfcqttmisi q c awiicAAd 
n. *ff©2*waft*. q«m«is<Jiaiss4 2qtt. 

( I q c *) - I q c©ffi£*fcT*«fc5fctii««Ea< 
«gan. qWMNBEEVI q**masna. d 

Wmfigft^M I d c * . q^mgtm^fil q c *. fc«k 
tf^gft^w r *\tmm.y^(- H 7:f7-F*MMI54 3 
lcA#£n. dtttfJUEVdm*. fccktfqtt^x 

Id*. I q *, a> r ft2 5tc:J;9SS£tl 

[0 12 6] 
(ft 2 5] 



20 



30 



Yte' -r e l/-co, L v I, 
V„* -<o,"L fc I i '+r c I," +k E «<o," 
[0 12 7] ft 2 5<Dt-*tt£^7 :f ;i4ift2«fc0i»tii 

sn-sfccoT. ft2o«««fl:**#isu, «e. mss 
tr^x***!;:, sfct-^j&ftfc-r^TBBEfticft 

*ftAfc"b©T*«. £fc< j e-^2*»»«UftV»TB 

»snTv»*«^. mmtoomfcm&co 1 

to r * t«««U^tafe-li--6fc*, to 1 £a> r *ICg 
&ftATV>«. 

[0 12 8] dNMltlEV I dtditf^iffVd 
m * ©fnjJiiQgg 5 5 T&gStl. d c tt«ffij|^r V d 
c*WB«»»4 4l:ilJ*«n4. q«l}#««E 
Vlqiq itf)l'«EV q m * <DfU#2J0g8§ 5 6 T» 
q c||«JBE»^Vqc 4 4 KU* 

[0 12 9] iK«ft«4 4ttM»ft±"eO«E»*Vd 
C*, Vq c **att"C3««E»**Sfe*r*. BP 
5, dcftftffi»*Vdc**«klXQC*lft)E«*Vq 
c*SAAiU ft2 6Kflh>T3««BE»*Vu*. 
Vv*. Vw*aU8#Stt-5. 

[0 13 0] 

[ft 2 6] 

w.'-v.- 

v. * - v„ * ^- cos jj + v f * jcos 

°''(~ cos f) +v f>*{ -cos f) 



40 



v. 



fcfiL, v *oV ••cos6 rtt - V • sin 8,, 



•sm6 i( +V fe ' 



•cosS.. 



[0131] rvi,xm%mu4 5 ttfBao/w^wsEn 

SB 3 1 CfcoTftHMEBCftEE d c ftftU-fft. 

[0132] *cKie«E • wtimi&mme i iwo 

£S*£gE6 1 aM«iTft« d c - q c lg*C* HT 

50 wnAasswu «i«ffi*m*-rs. 
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[0 13 3] RSttE • IWn«««»»6 1 1 Tti, 

mmmrn idcR^uc m&^v dc*, vqc 

*. aStlftco r • dc-qc&fcfllfcfctt 
Sfj§SttE© d c ttfi£# E 0dcS.tf q c E 0 qc & 

[0 134] 
[ft 2 7] 

[0 13 5] ft 2 7 lift 1 7 £ ornate nzho-z, ft 
1 7 0ft£Etm*«lC. ^fct-^Jtft (r, Lqft 
E) £T^T12£MI;:g£&A./t ; fc©T&S. Sfc. * 

KiiS (t-^EPJjpmiEEcD^&ft) o> 1 W^fi^fffico 
rft«H*U»iJfL*l/T, co 1 £co r 

[0136] «*ai56 1 1 t:m^nitmmnmmn 

3B6 1 2 plCioT, qci*>6*fc»81E^h^ 20 

blr. jJifefcHaftjE-** f>;U©;*:£;* I E 0 I £gs(g 
SB 6 1 2 nlC«fc-3T»gUffl*jT-5. 
[0 13 7] 09 tt, ItfiftE • ftrfnftfcftJMfcOM 

m&ws. • *rrn*s«JMB6 1 * 

1iVdc*l>^Vqc*H igggB6 13n. 6 13 
plC<fct>T«E*i^©*t£Vl *£. qci*^*fc 

St I d ci3«ktfl q ctt, «mSB6 1 4n. 6 1 4 pfc 30 

;p©tt«*c«««iian*. *»fcvi. sc. im, 

*c<Dl*5. S?»3B6 1 5*««SttJISrft2 8KStJ 

[0 13 8] 
[ft 2 8] 

E 0 .--V,'sin(5,-*,)-a>;VI l , 

[0 1 3 9] ft2 8lift2 3 iD«aiSn5fc©T, E 40 
0 x #ft«tt0fll£:#ftJ5£$h E 0 y *<tttiitte;fr[R]fiJt# 
tftUTW*. fflj£aftfc«ifi«fiEE0tt. S?gg&6 1 
6 pKioTgjfgttJE^ K^Ott«*»6*fcft*ftlO 
ftffl<J>m£Stg-t£. SIJME6 1 7tt. ftfiftffi"?* h 
^*>6*/tft»«|Oft«*ini:. qcW^*fci^ 

fC. jftfcfcftSftlE'^M'EOOfctS I E0 I *« 
»»6 1 2na»6IH*-r*. 
[0 14 0] *Hig0iJT«. .hiBOi'JfcRfiftjE • M 

-fn«t5£SgSB6 i (6i') 3&»*sufcHi , nAeft so 
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lEe^ictt-rnA 0 ?5*iE©B$ii, mm®®:® edc^* 

ttttfled^OfcJt^^SA^. -fWv'-^ffii&ftco 

e»c*wnA e#fi©ii#tt. M0M&ffi ode TjiHtti 

[0 14 1] fitioi^tcLTftftfe-f >A-^«ftft 
col£ffl#U fMBMffiffift d c if*. -t>a* 

0. Xft*^ftm>ftV>Hjtte-*0XKMil*ftll 
[0142] 010 !Cjg«ftffiJf 5£SB 6 2 0!>$IKM&* 

r. ^smffi • NiTOt«ftft*6 1 cj^Titjesft 

•fn^S««fflA 0 *tt. UD^gg6 2 1 lC43V>Tfl£# 
H-iSnS. D0#g6 2 1 ©ffl^ttP I ««S6 2 2 tC 
AftSttS. P Iffiftge 2 2Tli. A0«A0*£B 

«s«*j:5C'f >A-^a*»»ft(i)i*«»-r«. 
Hu«iB**-r*p imft6Ji^o*ft«ffl^Tt) 

[0143] ^nicintf. amA9©«jHM!fcft 
sn-5/t7/-^^s©»s*<tt«ansfe«>. /x?* 

-*«ft***ft < T fcRia LttViftffftPWBt-^Ott 

[0 14 4] P Ift§ft8§6 2 2 0a*tt. tt1*nA0<£ 
ftftT-SfcJ&KlftKSa&UTfctK »^MttftJ«^«ft 
CCDfcft. P I«M8S6 2 2©ffi^S: ; t-^ 
©&fflag<fcUT*-*j£g©$'jep*fT?£, SftMII 

»tt^»fl:r*. *3MS«raa. ®^aii7YJi/^-6 

*Jt)tftwr_de t tLTffl*LTV»*. 3 SC. ® 
#gg6 2 4Ttt-f >/t-*ffl*H«*a> 1 £«#LT. 

[ o i 4 5 ] m i i li^SiiftJf 6 2 ©gij©^i&0y 
ftiRLT»«. -f>/t-a'mA««*o>lo*:»tt*lSl 
±3-B-*fc*K. HI OKwLfc^ltWfc^UT. US 

ttBE©*#£ i eo i **saaE*iijrr**asjiioL 
tt»oT»5. «ffi«ji • ttrn*^s»ac6 1 c*v> 

T3fW>fcBliBftE©*S 3 IE0 I tt. ft 9 <fc 0 ft 2 9 

©«t^»c*sns. 

[0 14 6] 
[ft 2 9] 

N " <4 + (L a - L, )• \ t + (L, - L, )• pi, 

[0147] ft 2 9T««ftfl;?i*ft»r*£. «em 

ffi©**Stt J E-^aftft)rfcttWr«*»&. ft3 0JC 
^■f^e«E»ft k TSWltf *-*a**«*T« - <!: 
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[0 14 8] 
[ft 3 0] 

k-k EC 4(L de -L, c )-I 4 

[0 14 9] ddT. kEC(i^-^OKg«E^ftOK: 

I d ttfflflN-pQKJIItft Idc, I q c 
*5«fc iXWrn A 8fr*> . ft3lC=fc9#$a. 
[0150] II 1 iCfc^T. tggmE©;*:#£ I E 0 
It. ft 3 OOtggSE^ftkte. *M?8§6 3 5KA* 
£tl-5. *£S§6 3 5Ttt I E0 I /k*««JISft. R 
&nmfrz>V>mfeM&o> r_e s t^ffl^jStlS. JDS 
8§6 2 6Ttt. P ISM8S6 2 2<DmJ]tco r_e s t 

«. dO«j«lCJ;n«. wr_es t A»tB>K^6-fn 
fc#£P I *t«8§6 2 2#*i<rf 3«k5lCfc*fc#. m 

[0 15 1] J0#8§6 3 7C*UT. o» r_e s 

t tP I*Hi§§6 2 2 0ffl**»6*««)«»*»»)l*^ 
fcS<DfO#&g;*n. *-*lf£8ga> r_d e t £tH 
*-T*. ft*. 0 1 1 0*JS#«"Ctt. P I ««^6 2 2 

M^WO. «>r_e s t K-&£n*R££*H*T*;fca 

[0152] td3T. wewE-wrnaMauwe 

r *<DtetC£U.Tmtftii<THlI d c *. Iqc*#iSg 

-r*.-c®t§*. asofiT^fflt. auxmuvs ia< 

»**t ifcD, Im 

[0153] *.mtem<Dto-fn&mmmm7 a. mips 
/-*K«iciBHT*i*TOA <? e &wrf nK&iiMMi 

A0*©fO<hftS. fit, MrnKgMfltflA0 *£ 
^-^•aimdta^fcftSJlilCPSEb, AU* + A 
0 eSr^lcT^^tlCiO. £«l<t ©Jill fill 

[0 15 4] ^ 2KttrnKMtt#HiA0 *©»g£ 
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( i ) T&-5£-f£. MflAffl i + lSBKfcH 

T. 5>^AtS^ffl«rAd*IC«AL. 
©*££# I m ( i + 1 ) KXftUfctr*. I m ( i 
+ 1) Ifilm (i) <fc<5t>'h£Wntf. Id**V»ttA 
0*O>tt£LTMVMM i + 1 #lTfflHftKffittta 

[0 15 5] BUt. **S«KJ;ntf. £ffi$©8&tt 
10 fi*E*«t-^HllD«E*>6ttttO*EE»T. -OP? 

T. EC?ttitt:tt#Uftlr»fi2B«BE»TO«iS:*»A 

ettmo&«srS<b*-e--sct©fti»'<i' 

[0 15 6] ft*. fi»*EEP»TO«***AUfc5l« 
20 8Mt*«*KUTt>l«4T*©T. RS^E©ftffi£$iJ 

[0157] *HJS0ijT«. ft 1 7 gfcttft 2 3 CStJ 
UT«irnftA0*«I^TS*iC*ittWLfc3i<. ftl6 
*m>Tt>H*CI*? , ftAeft*jrr**. 
{S!BttEP$T £ LT. RWI8K Idc. I q c ©»#fi£ 

30 V>T. S«J^IffiftffltS^^fcRe«EOfi«SrjE«C 
[0 15 8] £©<fc-3K:, {RSttEBTWflfcfeSffl^* 

^stuosfemEoeffi^sai^ftfi^&ffi 

nA0**«flEK:«*T*s©T. ftffo&Xftrtftin 
tt&RK&g. *€?fttt-rn*^4T*a^Tt>*«T 

[0159] **ss0>jicj;n«. «rn*S55 

40 (Rl 6, ftl 7. K2 3) .C^T. ^5/-^«* 

<it©^MitJ:i)Ae<7)«i^s^ / >ft<-r^)fc»e>(c. m 

■fn^««fflA 0 *g)g^iAU. AJ. ♦ - A_gjfl 

^icft^ct 5 ic^-^EPSoaE^^iftftw i g fcti 
/hfcft*ctc»B 

a ftft/jvfls-r « <t 3 (c^a-n > ^$ns. 

[0 16 0] ±gBU^3liS«»JTt4, *^\iS5«:fflVi-5§S 
SfiW« : E-^ft»*tUT^«. «5€tttoft^JI* 

50 mmm*-?\z, ^^nwjjw^w-m 
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TkAffiHISIWt-^Oftffi^e^ (ft 2) ©KEJB£* 
gfflbfcftl?, ft 2 3©«rrtl«6£tt. 8igttE£ 

U X ftlfflft ttgffl HJflBT * -5 . 
[0 16 1] 

[0 16 2] dWCfcO. KftME*«fr>l2fl*aftX 

[oi6 3] $fc*fs^(c«fcn«. «rrnA0©«jMs 

[■IfoftV&KH] 

[01] W« ; E-i'OttH:>U' 

[0 2] *^&5SI5MI3 ; E-*©d-q«ilH]£ffitil. d 
c-q c M*HeAffaHft&;i*l'&!Wr : E?;i'H. 

[S3] B«guT^«^aanM%-^ottEnfRftM 

[0 5] 04©^EWfcT. £8«EBT&MfMt£9 
[0 6] 04 £|Q«©«EHflie. mffEtta«PTj*-f^ 
[0 7] *««««4 10«J|[rt«ft«"r^Dy^H. 

[0 8] ks«e • ftrnffi£*fta0ft*rt*e*<T 
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7a-y£0„ 

[09] mgmm - m-ttimfemnmmommnzz 

[010] aaEffitt«ijt»o«j|[rt***-r^py^ 
0.. 

[011] 3Kttffi££ffiQfl!l®*16ffllc<kS9tftrt£ 

[012] ttrnRiMi«ac«fc o . 

10 [K9©K91] 

1 l-m. 1 2-¥»3>T : >-tf\ 1 3--OA'- 

2 3 1-flAEMUS. 3 2-*-* 

«8S^ttlS6. 4 1-C«X«V. 4 2 d-d 
0. 4 2q-q|MUKmilS. 4 3-«*7*-F7* 
7-K*««. 4 4 •••]»**«. 4 5-/WX«i 
0. 5 1 -XKMMR. 5 2 -"flMMMHMEV. 6 1 - 

^s«e«« • imiftiFv. 6 2 •-•auKfUMte*. 

7-Mr*lA0KHtffta. Edc-lltff, iu- 

u**-***. iw-wfl%-^«a. <i(*-*x« 

20 SEME?tt*#ffl©ttB©IVl. qtt-dttlC«U0C* 
[Site 9 0 gjf£A,£&e©«l, d c M-Mf|±©ftSia£ 
^ftH©!*. q ctt-d cttlC#Llel£#rtl£9 OBtit 
JutSVLmolb* I dcHEBdc-qcflMWCiit** 
«8it©dcttfi£#. Iqc-Eidc-qclg*l:* 
W"5HSW>q c(Mi8£, I m— ^E— :?fijSt©;*:££, <f> 

c-q cttt^e-^miig^i' h;i/£«>fatfsts, vi-t 

h^tOttfi*. A0-d-q*4EflUil&dc-qc<R 

30 T*~ ! £-4rm&m+ . wl-WfMd© 

[HiGjSa (O/X-^tBAMIkft) . »r_det--t 

a>r_e s t-g§jg8E*»S©*J8g 
S. t*-hfl/j'»^ti; I dc *-dcimm, 
I qc «-qciitBK, Vdc*-dc««Elf 

Vqc*-qcHISM, A0*-«-rnKM« 
fiS. 



[02] 



110] 



m 2 



1 o 




sea® 



Sd 

U tg*«B£tt 



e2«Stt««SM 



A0* 




(17) 



&m 2001-2518 



[01] 



50 

u 



"7^ 

51 



orr det 



52 



62 



Ad* 



as 
its 



Afl 



gdc 



Idc 



53 4 ? d 55 



—X I 1 x+. 



54 

Iqc 1 



* FF 



43 



^2q 



1 + A W** 



56 



air 



61 



amass* 



44 



dq 
I 



Vw 



Idc 



loc 



edc 



45 



PWM 



11 



Edc 



^41 



uvw 

1 

dq 



0dc 



12 
31 

13 



32 

r 7 




[03] 

ia a 



[04] 
EJ 4 
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H 1 2 
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[09] 
3 9 



a e 



E0 



61' 



615 



61 3n 



6c 



V j V 



61 3p 



tan" 



U'J 



,614n 



E„ - V,*cos(« e -♦ J-r c •!„ 



4> c 
617 



tan' 1 


( E ^ 
k E oy> 
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